Environmentalists and scientists who study the environment often give a pretty bleak picture of the future. Surveys of secular views on the environment suggest that the general public in the developed West are concerned about the state of the environment. After considering all of the environmental problems that are causing scientists to worry, this paper then concentrates on four: climate change; biodiversity loss; global water supply; and the increase in our human population. Finally we will see what scientists have to say about hope in a time of environmental crisis.
Introduction
The climate, the economic situation, rising birth rates; none of these things give me a lot of hope or reason to be optimistic. Sir David Attenborough pollution; air pollution; manmade disasters; and natural disasters. They were concerned about the environment and 96% considered that its protection was important.
In December 2012 the web site ukdebate.co.uk asked the following question of the UK public: 'The environment is a political hot potato and parties are increasingly ramping up their "concerns" and solutions to protect us from pollution, climate change and global warming. But do you care? ' The response (on 5 Dec. 2012) was that 70% were concerned (very and a little) and 30% were not. 3 It is difficult to gauge the opinions of the British
Christian public concerning the environment, and it appears that little work has been carried out in this area. Recently, however, Rushton and Hodson 4 carried out an analysis of the environmental opinions of Church of England ordinands (those training for ministry) using a standard set of questions known as the New Environmental Paradigm. The ordinands agreed with the statement that, 'humans are severely abusing the environment', and disagreed that, 'the so-called "ecological crisis" facing humankind has been greatly exaggerated.' It would therefore appear that at least those in training for leadership in the Church of England had some level of concern for our environmental problems.
It is generally accepted that the citizens of the United States are on average less keen on environmental protection than their European counterparts. Even so, in a 2010 survey, 81% of Americans favoured greater environmental protection laws and regulations, with just 14% in opposition. 5 In 2010 the environment was seen as very important by 57% of American voters, well behind the economy (90%) or jobs (88%), but higher than abortion (43%) or same-sex marriage (32%). Interestingly, religion was found to have very little influence on environmental thinking.
So environmentalists and scientists often tend to very apprehensive about the state of the environment and the majority of the general public in the European Union and the United
States show some level of concern. It is difficult to determine how many of the general public are as worried about the future of the planet as those who spend much of their lives working on these issues. But what are our environmental problems? The aim of this paper is to survey the main environmental problems that we face today, concentrating on the most recent data and findings. We will then briefly investigate whether scientists are hopeful that our problems can be overcome. This will then provide the context for theological reflection in the remaining papers in this volume. 16 Some aspects of the science in the film were huge exaggerations or completely wrong. It was, however, based on a real scientific theory where the melting of the Arctic and Greenland ice caps produced cold water which switched off the Gulf Stream. This in turn brought about the rapid onset of an Ice Age in the Northern Hemisphere. In the film this happened in just a few days, which is extremely unlikely, but such events have happened before over periods of a few years or decades. I was involved in some work which was carried out in the United Arab Emirates, a very arid area now, but which had large human communities in the Neolithic and Bronze Age. 17 We worked on samples from a dried up lake at Awafi, and conducted a number of analyses at different depths into the lake sediments.
Our Environmental Problems
From this we were able to determine past climates going back at least 8000 years before present. Abrupt arid phases had a major impact on the population. The largest change followed the onset of climatic aridity around 5900 years before present, when the region's semi-nomadic populations abandoned much of the area and retreated to environmental refugia, mainly on the coast. There have been a number of abrupt climate change events in the past with a variety of causes, and these were well before humans had a significant effect on the climate through carbon emissions. Where they impacted on humans, however, the effect was extremely negative. 18 In March 2013, Marcott and his colleagues published a highly significant paper looking at temperature changes over the last 11,300 years since the last Ice Age. 19 They found that temperature rose gradually after the Ice Age and peaked between five and ten thousand years ago, before steadily declining until about 200 years ago.
If this had continued we would probably have entered another Ice Age. However, in the last 200 years an abrupt temperature increase has already taken us back to near the levels seen between five and ten thousand years ago, and this can almost entirely be attributed to increases in greenhouse gas concentrations.
The human population in the past was much lower than at present (see below), and so we are much more vulnerable to abrupt climate change events than we were. The kinds of things that happen with an abrupt climate change of the order we have been discussing were well documented in Six Degrees by Mark Lynas, and would be disastrous for both humanity and the other organisms living on this planet. 20 Many people at the time of Hurricane Sandy, 21 which devastated first the Caribbean and then New York in October 2012, drew comparisons with some of the scenes from The Day After Tomorrow. In fact some of the hoax 'Sandy' photos that went viral on the internet were taken from the film. 22 Fiction had merged with reality. It is interesting that the American public, after an extremely hot summer and Hurricane Sandy in 2012, were (in December 2012) more certain about global warming.
A poll revealed that the vast majority (78%) are now convinced warming has happened in the last 100 years, and 80% thought it could be a serious problem for the United Until climate change rose up the agenda the most obvious worry was a decrease in biodiversity; that is the plants, animals and other organisms that share our world with us. We are not sure, even now, how many species there are in the world. Most of the large plants and animals have been discovered and named, but there are still some being found every year. In
September 2012 eight new mammal species were reported from northern Peru, including a species of night monkey. 25 There are still many species remaining to be discovered and named, but it is highly uncertain how many. Recent estimates of the number of non-microbial species on Earth vary from 2 million to over 50 million. 26 Scientists have identified and named about 97% of mammals, 80-90% of flowering plants, 79% of fish, 67% of amphibians, 30% of arthropods and less than 4% of nematodes. Many of the unknown species will be found in a number of biodiversity hotspots such as Central America, the northern Andes and South Africa, the Philippines and New Guinea. Unfortunately many of these areas are under serious threat from human development, and we are certainly losing some species before they are even catalogued.
As the quote from world famous ecologist, Edward O Wilson, at the head of this section illustrates, we are losing biodiversity at a rate far higher than before the advent of humans. Many scientists say that we are currently seeing a 6 th mass extinction event, an idea promoted by Richard Leakey and Roger Lewin. 27 The previous five extinction events in geological history have been caused by natural events, but this one is due to humanity. What in South Africa. 29 Pollution is perhaps a more obvious cause of biodiversity decline, whether it is pollution of the air, water or soil. 'Over-population' by humans leaves less room and resources for other organisms, and is covered in more detail below. Over-harvesting of wild species can refer to hunting, and a number of species have become extinct in this way (e.g. the dodo). We are also having a major effect on fish stocks in the oceans. 30 Thus far climate change has had a major impact on phenomena such as the timing of egg laying by birds in the spring, and has caused some changes in plant and animal distributions. 31 It is difficult to be certain whether it has directly caused any extinctions.
However, the fear is that in the future the speed of climate change may not allow time for organisms to adapt to changing environments leading to further biodiversity loss.
Why is biodiversity loss a problem and what differences will it make if we lose some species? Many anthropocentric arguments have been advanced in the past for the preservation of biodiversity, such as the idea that there are valuable genetic resources for agriculture or medicine being lost. More recently these, and other, benefits for humanity have often been couched in terms of 'ecosystem services'. There have also been attempts to put a monetary value on nature, and this idea was well reviewed by Juniper. 32 As a Christian I can see some advantages in this approach, but I prefer the idea of intrinsic value, and that all organisms are of value to a creator God. There are two problems with the world's water, quantity and quality. Although there is a vast amount of water on the planet, about 97% is saline (in seas, salt lakes etc.), and much of the freshwater is locked up in frozen ice caps and glaciers. Only about 0.01% of the Earth's water is in lakes, rivers and surface water. So although there is a lot of water on Earth, only a relatively small percentage is available for use in agriculture unless expensive desalination processes are used. The water cycle involves rain and snow falling on the ground, and water then sinking into the soil to augment the groundwater, running off into streams and rivers, or evaporating back to the atmosphere from the land surface or through plants. Too much rainfall often causes floods and too little causes a drought. As we enter a time of climate change both floods and droughts are likely to increase in intensity as the hydrological cycle is speeded up. Floods are hugely damaging and can cause great loss of life. However, it is lack of freshwater that is proving the greater long term worry and global freshwater use is considered one of the planetary boundaries that we must not cross (see above).
There are two types of water shortage, physical and economic. 35 In physical water scarcity more than 75% of the river flow is used in agriculture, industry or domestic purposes. Under this definition scarcity relates water availability to water demand. Areas affected include North Africa, the Middle East, South East Australia and the South West USA. When an area has economic water scarcity the water resource is abundant relative to water use, and less than 25% of water from rivers is used by humans. The largest area affected is Sub-Saharan Africa, and here human and economic capacity are the limiting factors. Water use in agriculture is subdivided into three categories: green water which is mostly from rainfall; blue water which is mostly from rivers other water bodies and groundwater through irrigation; and grey water which has already been used by humans.
Palaniappan and Gleick have used the concept of 'Peak Water' to describe the situation that many parts of the world are now in or are rapidly approaching. 36 Citing work by the United Nations, they say that, 'by 2025, 1.8 billion people will be living in regions with absolute water scarcity, and two out of three people in the world could be living under conditions of water stress.' Problems with water availability have the potential to fuel political disputes, and the prospects of 'water wars' under such circumstances are all too real. The poor of the world are those most likely to suffer from water shortages. The John Ray Initiative and Redcliffe College held a major conference on water issues in 2012, and many useful resources are available. 37 The second water issue concerns quality and here I will give a small personal case study. In September 2011 I visited China for a conference in Beijing, and on the associated field trip all the participants were taken out to see some experimental rice paddies. The
Chinese scientists explained some research suggesting that using silicon fertilizers could radically cut the use of nitrogen fertilizer, while improving yield. Their problem was convincing the Chinese farmers that applying less nitrogen fertilizer would not lead to less growth. The scientists were well aware that much of the nitrogen fertilizer applied washes out of the soil and enters China's rivers. A few days after returning home to the UK I spotted an article which suggested that this nitrogen was partly responsible for causing major pollution in the seas bordering China's east coast. 38 We noted above that Rockström et al. 39 considered that human interference with the nitrogen cycle was a planetary boundary that we had already crossed. Before the industrial era nitrogen was mostly removed from the atmosphere either during lightning storms or due to fixation by bacteria, but we have probably at least doubled this removal. There are essentially two ways that humans have increased nitrogen cycling: the Haber-Bosch reaction which was discovered early in the 20 th century soon enabled us to produce nitrogen fertilizers using energy from fossil fuels; and the internal combustion engine not only produces carbon dioxide, but nitrogen oxides as a by-product. 40 In fact the reason that China's seas are so polluted with excess nitrogen is not only due to excessive use of fertilizer, but also to the recent increase in car usage in the region which was all too evident in Beijing during my visit. The nitrogen oxides are dispersed in the atmosphere, but are then washed out into the seas in rainfall. This nitrogen pollution can severely affect marine ecology, leading to algal blooms and 'dead' areas of the oceans. Human population increase has been an important factor in environmental degradation, but it is not the only factor. A recent report from the Royal Society, People and Planet, 42 emphasises that overconsumption in the developed world is as important a problem as population growth in the developing world. They say, 'in the most developed and the emerging economies unsustainable consumption must be urgently reduced. This will entail scaling back or radical transformation of damaging material consumption and emissions and the adoption of sustainable technologies, and is critical to ensuring a sustainable future for all.'
Population Growth

Rapid and widespread changes in the world
Future predictions concerning population increase are fraught with many difficulties.
Most authorities seem to suggest that human population will continue to rise until around the middle of this century when it will reach 9 billion, and will then begin to level off, or maybe even slightly decline. One difficulty with predicting human population size into the future is that we do not know how bad climate change will be and what effect it will have. If nothing else a larger population leaves us more vulnerable to extreme weather events. Movement of people has always happened, but we live in an increasingly mobile world.
There is a serious concern that many migrants in the future will be moving because climate change has made it impossible for them to stay in their home countries. Such migration has the potential to increase tension and possibly lead to conflict.
The whole area of human population has been a controversial one, and most particularly in the church and other faith groups. This remains the case for some people, but I feel there is now more openness to at least discuss the issue both in the United Kingdom and 
